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Nem atodes are difficult to  s tudy . Only a few researches work on them  
in our country  although these anim als gain an  increasing significance today. 
The m embers of th is group counting several ten-thousands of species are p artly  
hum an parasites, p a rtly  anim al and  p lan t parasites causing severe damages, 
while another p a r t th ey  are free-living and  contribu te to  the  m ineralization 
of organic substances. Their individual num ber can be very high, e.g. in 1 hec
ta re  of forest soil it m ay reach 70 thousand  millions per year, their to ta l weight 
am ounts to  90 kg, although the  m ajority  of those species weigh a mere few 
ten th s of m icrogram . They play a very im p o rtan t role in th e  sedim ents of 
clean waters, in the  purification of sewage-waters, e.g. in the  dropping bodies 
an d  even in the  life of the  w aste-stabilization ponds.

The nem atodes living in the sedim ent of Lake B alaton have been studied 
by  D a d a y  (1897), B ir ó  (1968; 1969; 1972), B ir ó  e t al. (1968), P o n y i  et al. 
(1971), whereas those living in the  coating of reed have been described by 
M e s c h k a t  (1934).

The “ Research of B ala ton” program  of the  Biological Research In s titu te  
of T ihany gave an  opportun ity  for the  present series of investigation. The work 
was in tended a t establishing the  qu an tita tiv e  seasonal changes of N em atoda 
fauna.

Places of samplings, material and methods

Samplings were carried ou t from  th ree points of each five transversal 
sections of Lake B alaton  once a m onth  ( Fig. 1) from April till N ovem ber 
during 1966- 1968, as well as from  under the  ice in Jan u a ry  and  F ebruary  
from  the po in t of sam pling in fron t of T ihany (point “A 0” ) in 1968. The places 
o f sam pling were as follows:

“M” section: between Gyenesdiás and  the  m outh of river Zala.
“К ” section: between Szigliget and  B alatonm ária.
“G” section: between B alatonakali and  Balatonszemes.
“A ” section: between B alatonfiired  and  Zam árdi (Tihany).
“E ” section: B alatonalm ádi Balaton világos line.
Some d a ta  concerning the  collections are sum m arized in Table / .  The 

tem peratu re  d a ta  refer to  the  water. Samples from the  soft bo ttom  were 
collected by  the  modified C raib’s bottom -dredge ( P o n y i  et al., 1967) from under
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F ig . 1. T h e  co lle c tin g  p lac es . “ M ” , “ K ” , “ G ” , “A ” a n d  “ E ”  in d ic a te  th e  se c tio n s , 0 , 1 
a n d  2 th e  p o in ts  o f  sa m p lin g . T h e  s ig n  0 in d ic a te s  th e  d e e p e s t p o in t  o f  th e  se c tio n s

T A B L E  I

D a ta  of w ater tem peratures and depths

Places of samplings 
Date

M„ Ко Go Ao E.

cm °c cm °0 cm °0 cm °0 cm °G

1966 V 275 19 368 19 428 19 368 20 480 20
VI 292 23 419 23 443 23 410 22 410 22
V II 300 19 400 20 420 20 395 21 445 22
V III 285 22 420 22 440 23 360 22 450 22
IX 271 17 298 17 421 19 398 18 460 18
X 280 16 385 16 420 16 380 17 420 17
X I 264 4 378 6 420 6 380 6 460 6

1967 IV 276 12 375 12 423 11 372 12 450 12
V 268 19 405 19 430 19 410 19 457 19

VI 271 20 390 19 405 20 385 24 441 25
V II 268 20 370 22 410 22 359 24 457 23
V III 244 20 367 20 410 21 370 21 432 21
IX 255 16 369 17 392 18 400 17 418 18

X 266 16 370 16 397 17 373 13 420 14
X I 353 2 354 2

1968 I 375 0.2*
I I 383 0.7*
IV 264 14 378 14 395 13 435 11 380 12
V 269 16 368 15 388 15 380 18 428 17
VI 272 20 372 20 395 20 385 20 432 20
V II 269 21 364 21 375 21 353 21 416 21
V III 261 20 351 20 367 20 345 20 400 20
IX 257 18 346 18 366 18 352 18 394 18
X 255 15 355 15 370 15 372 16 382 16
X I 288 8 375 8 390 8 378 7 392 8

* thickness of the ice 25 cm
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w ater in 240— 480 cm depth . E ach sam ple was abou t 3 cm th ick  and  was tak en  
from  a  surface of 13 cm2. Three parallel sam ples were un ited  a t  each place 
and  fixed in formalin. The separated  nem atodes were investigated  in glycerin- 
ized preparations. The calculation of th e  biom ass was carried out by  using 
the  m ethod of Andrássy  (1956).

A bout 20 thousand  of individuals belonging to  31 species were collected. 
Idle frequen t nem atodes were found everywhere in th e  m ud of th e  lake ( Para
plectonema pedunculatum  S., Paraphanolaimus behningi M., Ironus tenuicauda- 
tus dM., Theristus setosus B., Monhystera paludicola dM.). F rom  th e  species 
of ra rer occurrence Hemicycliophora aquatica, Prismatolaimus dolichurus, 
Plectus tenuis were encountered only in the  north-eastern  basin, whereas 
Chromadorina bercziki, N eochromadora izhorica and  Punctodora dudichi were 
collected only in the  south-w est Monhystera stagnalis and  Tripyla papillata 
were also more frequent in the  south-w estern basin, however, one specimen 
of each was found in the  o ther basin, too.

Table I I  lists th e  species found in Lake B alaton  and  com pared to  th e  
d a ta  of D aday (1897). Some of the  species described by  th e  la tte r  au th o r 
proved to  be synonym s as well as uncertain  species, therefore, only 26 o f his 
list of species could be identified w ith certain ty . The present paper uses the  
nom enclature of Andrássy  (1972).

In  th e  fauna of H ungary  and  Lake B alaton, Paraphanolaimus anisitsi 
(Daday , 1905; Andrássy , 1968) is of rare  occurrence. During the  recent 
years it was recovered from  P araguay  (Andrássy , 1968), Columbia (R i e - 
mann , 1971) and  in E urope from  th e  Lake Lem an ( J u g et , 1969), and  L ake 
B alaton (Biró , 1972). A lthough the  specimen found by  J uget was identified  
to  be Paraphanolaimus behningi Mic. 1923, on th e  basis of his drawing an d  
description it  is Paraphanolaimus anisitsi (D.) A. A male Paraphanolaimus 
behningi M. was found in Lake B alaton  (B iró , 1968) and  also in th e  Soviet- 
U nion (Gagarin , 1970). I t  can well be observed on th is species th a t th e  spi- 
culum  is th in  and  its length is abou t 4 — 5 tim es larger th an  th e  anal w idth  of 
the  body, whereas in th e  case of P. anisitsi th e  spiculum  is bu lky  and  its length 
hard ly  reaches one and  a half tim es th e  anal w idth  of th e  body ( Figs. 2 and  3).

Paraplectonema pedunculatum  (H.) S. (Fig. 4)  occurs sporadically in 
Europe. However, in the  open w ater sedim ent of L ake B alaton and  Lake Fertő  
it  is (Schiem er  e t al. 1969) th e  m ost frequen t N em atoda. This species seems 
to  prefer th e  detritus-rich  m ud-layers of 2- 5 cm thickness under the  shallow 
w aters of pH  8.3.

Among the  nem atodes found during 1966 — 68, the  m ost frequen t species 
was Paraplectonema pedunculatum:

Occurrence of species at different regions

The quantity of nematodes

Paraplectonem a pedunculatum  S. 
P araphanolaim us behningi M. 
Iro n u s  tenuicaudatus  dM. 
T heristus setosus M.
M onhystera  paludicola  dM.
O th e r  26 sp ec ies

2 0 .3 %
20 .0 %
18 .9%
16.6%
15.1%

9 .1 %
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TABLE I I

The distribution  o f nematodes found in  the five sections 
o f Lake B alaton during 1966— 68

1897
Daday

1966-68

M К S A E
%

Achromadora terricola (dM.) M. + + + 0.02
Acrobeloides emarginatus (dM.) T. +
Aphanolaimus aquaticus D. + + + + + 2.13
Aporcelaimellus obtusicaudatus (B.) A. +
Campydora balatonica (D.) A.
Chromadorina bercziki A. + 0.04
Chromadorina bioculata (S.) W. +
Diplogaster rivális (L.) B. -j-
Dorylaimus helveticus (S.) A. + + 0.09
Dorylaimus stagnalis D . + + + + + 0.11
Ethmolaimus pratensis dM. + + + + 0.84
Eudorylaimus bryophilus (dM.) A.
Hemicycliophpora aquatica (M.) L. + + 0.04
Heterocephalobus elongatus (dM.) A. +
Jronus colourus S. + + 0.02
Ironus tenuicaudatus d M. + + + + + + 18.94
Laimydorus flavomaculatus (L.) S.
Mesodorylaimus bastiani (B.) A. -j-
Mermis sp. + + + + 0.03
Microlaimus globiceps dM. + + 0.02
Monhystera andrassyi B. + + + + + 0.14
Monhystera dispar B. + 0.01
Monhystera gerlachi M. + 0.02
Monhystera macramphis F. + + + + + 0.33
Monhystera paludicola dM. + + + + 15.10
Monhystera stagnalis B. + + + + + + 0.19
Monhystera vulgaris dM. + + 0.02
Mononchus truncatus B. +
N eochromadora izhorica (F.) S. + 0.12
Paractinolaimus macrolaimus (dM.) A. Ii
Paradorylaimus filiformis (B.) A. +
Par aphanolaimus anisitsi (D.) A. + + + + + 0.82
Par aphanolaimus behningi M. + + + + 4- 20.06
Paraplectonema pedunculatum (H.) S. + + + + 4- 20 30
Plectus cirratus B. +
Plectus parvus B. +
Plectus tenuis B. -j- + 0.01
Prismatolaimus dolichurus dM. + + + 0.04
Punctodora dudichi A. + 0.02
Punctodora ratzeburgensis (L.) F. + + + 0.06
Theristus setosus (В.) M. -j- + + + + + 16.60
Tobrilus gracilis (B.) A. -j- + -j- + 3.32
Tobrilus helveticus (H.) A. + + + -j- 0.22
Tobrilus longus (L.) A. + 0.04
Tobrilus pellucidus (B.) A. +
Tripyla glomerans B. + + + + + -j- 0.30

Note: the  percentage indicates the properties as compared to  the to ta l num ber of individu
als encountered. “ M” , "  К ". "О ". “A " and "K " are the places of collecting.
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F ig . 2. P araphanolaim us a n is its i (D a d a y , 1905) A n d b á ssy , 1968. A  =  o ra l end  o f th e  
an im al; b  =  cauda l end  o f th e  an im al; C =  fem ale g en ita l o rgans; D  =  o ra l p a r t  o f th e  
an im al w ith  th e  oesophagus; E  =  sp icu lum ; gubernacu lum  an d  one o f th e  p rean a l

pap illae; F  =  cauda l end
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3. P araphanolaim us behningi M ic o l etzk y , 1923. 1 — cauda l p a r t  o f  th e  anim al- 
g ubernacu lum ; 3 -  caudal end ; 4 -  p rean a l pap illa ; 5 -  o ra l end  o f th e  an im al
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Fig. 4. Paraplectonema pedunculatum  ( H o f m ä n n e  к, 1913) S t b a n d , 1934. A  =  an te r io r 
p a r t  o f th e  an im al w ith  th e  oesophagus; В  =  fem ale g en ita l o rgans; C =  o ra l end  o f th e  

an im al; D  =  caudal end  o f th e  body
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A seasonal change was observed in th e  proportions of species. W hen the  
w ater tem peratu re  was below 12 °C, the  proportions of species were different 
from  those of th e  w arm er periods:

Periods

Paraplectonem a pedunculatum  S.

“cold” 
below 12°C
13.7%

“warm” 
above 12°C
25.8%

P araphanolaim us behningi M. 6.7% 24.2%
Iro n u s  tenuicaudatus  dM. 17.1% 19.4%
Theristus setosus M. 32.1% 11.6%
M onhystera paludicola  dM. 20.4% 10.7%
O ther nem atodes io .o % 8.3%

An alm ost identical order of m agnitude of frequency was observed in 
cases of fine species during th ree  years in average (20, 20, 17, 19, 15 percent). 
D uring th e  cold periods, Theristus setosus and  Monhystera paludicola (32 and  
20 percent), during sum m er, Paraplectonema pedunculatum, Paraphanolaimus 
behningi and  Ironus tenuicaudatus (25, 24 and  20 percent) predom inated. 
D uring the  w inter season under th e  ice, as high as 60 percent of frequency 
of Theristus setosus was observed in th e  section between Zam árdi and  B alaton- 
fiired (“A 0” ). Tobrilus species could hard ly  be collected in o ther periods of 
the  year, nevertheless under the  ice th ey  reached even 15— 20 percent of the 
to ta l num ber of individuals.

The d istribu tion  of nem atodes was no t uniform  a t  d ifferent regions of 
Lake B alaton. Considering the  m onth ly  averages B alatonszem es—B alaton  - 
akali (“ G” ) was th e  richest section and  th e  poorest was th a t of th e  K eszthely 
B ay  (“M” section) (Fig. 5). According to  the  findings, th e  num ber of nem a
todes was lower on identical surfaces during the  sum m er, th an  during th e  cold 
season i.e. in w inter it  am ounted  only to  60—75 percent of th e  la tte r. E v a lu 
ating  th e  collections of the  past th ree years, one can s ta te  th a t  the  lowest 
num ber of nem atodes occurs in late sum m er (10—15 000 individuals per m2). 
As against to  th e  o ther places of collection, in th e  K eszthely  B ay  th e  lowest 
num ber of individuals was found in early  sum m er (10 000 i/m 2), whereas 
by  th e  end of sum m er Paraplectonema pedunculatum  p ropagated  so profusely 
th a t  th e  highest num ber of nem atodes was found there (50 000 i/m2). The 
highest num ber of nem atodes was found during the  spring season a t  the  o ther 
regions of the south-w estern basin (“K ” and  “G ” ) as well as in the  north  
eastern  one “A ” and  “E ” ), reaching 60—80 000 i/m2 (Fig. 5).

The K eszthely-B ay is th e  poorest in nem atodes (“M” ) am ong all the  
areas of the  lake. The average num ber of individuals was 19 000 i/m2 in 1966 
and  1967, however in 1968 it reached 35 000 i/m2. D uring all th e  th ree years 
the  lowest num ber (10 000 i/m2) was found in Ju ly  and  the  h ighest one (40 
60 000 i/m2) in A ugust (first colum n o f Fig. 5). The sum m er increase was caused 
b y  the  quick propagation of Paraplectonema pedunculatum. Of the  five species 
of highest frequency occurring everywhere, the  highest num ber of Theristus 
setosus was encountered during th e  cold period, th a t  Ironus tenuicaudatus and  
Paraplectonema pedunculatum  during th e  warm  period.

Several species were found toke absen t in o ther regions of th e  lake: 
Chromadorina bercziki, Monhystera gerlachi, N eochromadora izhorica, Puncto- 
dora dudichi. The last b u t one is known from  th e  delta  of river Neva, i.e. from 
a slowly flowing water, while the  firs t and  last are known from  th e  m ud of 
R iver D anube, i.e. also from  a flowing water. Their presence can perhaps 
be explained by  th e  vicin ity  and  effect of the  river Zala.
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Fig. 5. The nu m b er o f nem atodes in  th e  five tran sv e rsa l sections o f L ake B a la to n  d u rin g  
1966 — 68 in  n u m b er o f ind iv iduals p e r m 2 (i/m2). E ach  d a te  rep resen ts  th e  average  

o f th ree  p o in ts  (e.g. M ,M n an d  M 2) o f  each  section



] 44

In  the area of Szigliget B ay (“ K ” ) the average num ber of nem atodes 
was 30 — 40 000 i/m 2 during all the th ree years. The num ber of individuals was 
th e  highest in early  sum m er (55 — 60 000 i/m2), and  it charply  fell b y  th e  late  
sum m er down to  11 000 i/m2 (second colum n of Fig. 5). In  th e  average of three 
years, th e  m ost frequen tly  occurring N em atoda was Theristus setosus during 
th e  cold and  Paraplectonema pedunculatum  during the  w arm  period. Among 
th e  less frequent species, Tripyla glomerans was found only sporadically in the 
K eszthelv-B ay (“M” ), whereas in the  regions of Szigliget and  Balatonszem es 
(“K ” and  “G-” ) it was more frequently  observed. A low num ber of individuals 
Aphanolaimus aquaticus an d  Ethmolaimus pratensis lives in th e  Szigliget-Bay 
b u t th ey  were som ewhat more frequen t in th e  region o f Balatonszem es, whereas 
th ey  were com pletely absent in the  K eszthely-B ay.

In  the  section “ G” of th e  south-w estern basin th e  highest num ber of 
nem atodes (above 100 000 i/m 2) was observed during th e  spring season, caused 
m ainly by  th e  intense propagation of Monhystera paludicola, Ironus tenui- 
caudatus and  Par aphanolaimus behningi. In  late sum m er th e  lowest num ber of 
individuals was observed (20 000 i/m2). D uring the  o ther periods of th e  year, 
th e  ac tua l frequency of nem atodes is roughly th e  sam e around 30 000 i/m2 
(th ird  colum n of Fig. 5). D uring th e  cold period, Par aphanolaimus behningi 
showed the  highest num bers here, whereas a t  th e  o ther regions of th e  so u th 
w estern basin the  species Theristus setosus was the  m ost frequent species. During 
th e  warm  periods, m ainly Paraplectonema pedunculatum  was found in the  sec
tions “M” and  “K ” , whereas in section “G ” th e  Par aphanolaimus behningi 
was more frequent. Among th e  ra rer species, Punctodora ratzeburgensis and  
Monhystera vulgaris were observed. The M onhysteridae proved to  be th e  richest 
fam ily here bo th  in the  num ber of species and  individuals.

Two regions o f th e  north -eastern  basin were investigated: between 
B alatonfüred  and  Z am árdi (“A ” ) and  betw een B alatonalm ádi and  B alaton- 
világos (“ E ” ).

In  section “A ” near th e  peninsula T ihany the  am ounts of nem atodes 
were of an  average of 60 000 i/m 2 in spring, 20 000 i/m 2 in sum m er and  40 000 
i/m 2 in au tum n  (fourth colum n of Fig. 5). In  Jan u a ry  1968 the  num ber of 
individuals was 60 000 i/m2 in fron t of T ihany (point “A 0” ) consisting of 
Theristus setosus in 60 percent. In  F eb ruary  of the  sam e year the  to ta l num ber 
reached 109 000 i/m 2. The am ount of Theristus setosus rem ained v irtually  u n 
changed (60 percent), however, its  absolute num ber increased an d  th e  p ropor
tion  of Tobrilus species also reached 20 percent. A fter thaw ing, th e  am ount of 
nem atodes decreased to  20 000 i/m2. D uring the  cold period, th e  m ost frequent 
N em atoda of th is section was Theristus setosus, whereas during the  warm  perio- 
di, were Par aphanolaimus behningi and  Ironus tenuicaudatus. R elatively larger 
num bers of Aphanolaimus aquaticus, Par aphanolaimus anisitsi and  Ethmo
laimus pratensis belonging to  the  ra re r species occurred here. Prismatolaimus 
dolichorus and  Hemicycliophora aquatica were also found a t  th is poin t living 
only from th e  north-eastern  basin.

In  section “E ” (B alatonalm ádi—B alaton  világos) 2 0 —30 000 i/m2 was 
found during spring and  early  sum m er of 1966 and  1967, whereas by  the  spring 
of 1968 it was more th an  tw ice of this num ber: 70 000 i/m2. B y th e  end of 
sum m er of 1966 th is num ber decreased to  18 000 i/m2, and  during sum m er 
o f 1967 and  1968 it  am ounted  to  20 000 i/m2. The au tum nal num ber was 
40 — 60 000 i/m2 during all the  th ree years (fifth  column of Fig. 5). A t th is
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place, Theristus setosus was th e  m ost frequen t species during th e  cold while 
during th e  w arm  season, Ironus tenuicaudatus was. The highest am ounts of 
Tobrilus gracilis and  Tobrilus helveticus occurred in th e  area o f section “ E ” , 
especially during th e  cold period.

I t  can be s ta ted  in general th a t  th e  num ber o f individuals was higher 
in  spring an d  au tum n  th an  in  sum m er m onths.

According to  th e  benth ic investigations o f Stanczykowska (1966) in 
Lakes M ikolajskie an d  Taltowisko, th e  highest num ber o f nem atodes was en
countered in au tum n: 40 000 i/m2, th e  lowest one d id  in w inter: 6000 i/m2, 
an d  there  was a  gradual increase from  spring. The w ater tem peratu re  o f th e  
Polish lakes m ay vary  m axim ally a round  10—12 °C. This tem peratu re  re 
presents th e  transition  of th e  cold and  w arm  periods in  L ake B alaton  during 
spring. According to  our results, th e  num ber o f individuals was higher in  L ake 
B alaton  during spring, whereas in  th e  Polish lakes during au tum n. I t  is very  
likely th a t  n o t th e  period b u t th e  suitable tem peratu re  represent the  more 
im p o rtan t factor for th e  ac tiv ity  and  propagation  of nem atodes.

The species display a  seasonal varia tion : during th e  cold period, i.e. 
below 12 °C, everyw here th e  Theristud setosus was th e  m ost frequen t species. 
D uring th e  w arm  period, i.e. above 12 °C, th e  following species predom inated: 
Paraplectonema pedunculatum  in th e  K eszthely-B ay (“M” ) an d  Szigliget-Bay 
(“K ” ); Paraphanolaimus behningi a t  B alatonszem es (“G ” ); th e  la tte r  and  p a rtly  
Ironus tenuicaudatus in  fro n t of T ihany  in  th e  north -eastern  basin  (“A ” ); 
an d  th e  last one a t  B alatonalm ádi (“E ” ).

The amounts of the frequent species

Paraplectonema pedunculatum  (H.) S. was th e  m ost frequen t nem atoda. 
I ts  d istribu tion  was ra th e r heterogeneous in  th e  whole area of th e  lake changing 
b y  seasons and  even by  m onths: its  num ber varied  betw een 1000 an d  25 000 
i/m2 ( Fig. 6). In  the  north-eastern  basin its num ber showed spring and  au tu m 
nal m axim a (14—16 000 and  7 —10 000 i/m 2, respectively). J u s t  th e  opposite 
was observed in th e  K eszthely-B ay (“M” ) where th e  increase o f num ber was 
significant during sum m er, reaching 10—25 000 i/m2. In  th e  Szigliget-Bay 
(“K ” ) th e  num ber was higher (25 000 i/m2) during sum m er th a n  during spring 
an d  au tum n, whereas a t  B alatonszem es (“ G” ) a  reversed s ta te  was recorded. 
Considering th e  whole lake, th is  species lived during sum m er ra th e r m ore in 
th e  south-w estern basin an d  during spring and  au tu m n  ra th e r more in the  
north -eastern  basin. G enerally its num ber decreased to  a m inim um  (1000— 
5000 i/m2) by  th e  early au tum n  and  increased again b y  th e  la te  au tum n  (10 000 
i/m 2), then  w ith  th e  decrease of th e  w ater tem peratu re  it  decreased again. 
U nder th e  ice only 1 — 2000 i/m2 were found.

The q u an tity  of Paraphanolaimus behningi M. showed two m axim a per 
year (Fig. 7). In  early  spring low num ber was observed (3000 i/m2), and  as 
soon as the  w ater tem peratu re  rose above 10—12° C, i t  ab ru p tly  propagated  
to  reach 10 000 i/m2. D uring sum m er th is num ber som ewhat lowered (5000 
i/m 2), during au tum n  increased (15 000 i/m2) and  by  late  au tum n  hard ly  a few 
thousand  were present. D uring w inter only a sm all num ber lives under th e  ice. 
I t  was collected always in low num bers in th e  K eszthely-B ay (“M” ) (2 5000
i/m2), i t  was the  m ost frequen t in th e  sections “K ” and  “G ” (8—12 000 i/m2), 
whereas in  th e  north -eastern  basin m oderate quantities of roughly identical

10
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F ig . 6. Paraplectonem a peduncu la tum  (H .) S. T he change in  th e  n u m b e r  of individuals in  th e  five t r a n s v e rs a l  sections o f  
L ake B a la to n  d u rin g  1966—68. E a c h  d a te  rep resen ts  th e  average o f th re e  p o in ts  o f each  se g m e n t
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F ig . 7. T he m o n th ly  change in  th e  n u m b er o f in d iv id u a ls  o f P araphano la im us behningi M. in  th e  f iv e  tra n sv e rsa l sections 
o f  L ake B a la to n  d u rin g  1966—68. E a c h  d a te  rep resen ts  th e  average  o f  th re e  p o in ts  o f  each  seg m en t
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d istribu tion  were found. The change in th e  num ber o f individuals showed 
a  m axim um  in  th e  au tu m n  o f 1967 as well as a  spring an d  an  au tum nal m axim a 
in  1966 and  1968 in  th e  north -eastern  basin. A t Balatonszem es (“ G ” ) there 
was ra th e r an  au tu m n al m axim um , b u t a t  Szigliget (“ K ” ) a spring one was 
observed. In  th e  K eszthely-B ay (“M” ) its  am ount was identical an d  varied  
practically  a t  th e  sam e level.

The highest num ber of Ironus tenuicaudatus dM. was found in th e  centre 
of th e  lake in  th e  spring o f 1966 a t  B alatonszem es (“G ” ) reaching 15 — 25 000 
i/m 2 (Fig. 8). In  th e  spring of 1967 an d  1968 only 10 000 i/m 2 were observed 
a t  th e  sam e place an d  even less a t  o ther places. In  th e  m iddle o f sum m er it  
was presen t in  5 — 8000 i/m 2 in  th e  whole area o f th e  lake, no increase was 
observed during au tum n  either. G enerally one can s ta te  th a t  th e  highest 
num ber of bonus, 10 000 i/m 2 in  average occurred in  L ake B alaton  during 
th e  au tum n, th is num ber gradually  decreased during th e  year, nevertheless 
it  could be collected even from  under th e  ice (1000 i/m2).

Theristus setosus B. defin itely  prefers cold w ater (Fig. 9).  I t  was found 
to  be frequen t especially in  th e  sam ples collected from  under th e  ice, rep resen t
ing 50—60 percen t of th e  to ta l num ber of nem atodes reaching 55 000 i/m 2. 
D uring sum m er its  num ber decreased to  a  m inim um  value o f 1 — 3000 i/m 2, 
a t  some places it  was com pletely absen t in A ugust. The change in  th e  num ber 
o f individuals showed th e  sam e tendency  during all th e  th ree  years. I t  was 
more frequen t in th e  north -eastern  th an  in th e  o ther basin.

Monhystera paludicola dM., sim ilarly to  Theristus setosus, was found 
in  higher am ounts in spring an d  au tu m n  (Fig. 10). D uring w in ter under 
th e  ice it  occurred in  15 000 i/m2 no t reaching th e  num ber of Theristus setosus. 
I ts  num ber was 4—6000 i/m2 during early  spring, it  increased to  15 000 i/m2 
by  M ay and  a t  Balatonszem es (“ G” ) it  reached even 65 000 i/m 2 in 1966. B u t 
it  decreased to  2000 i/m 2 or a t  some places even to  0, especially in  1967, as 
soon as th e  prolonged w arm  period appeared. I t  p ropagated  again during 
au tum n, a t  early  w in ter it  a lready  showed 5000 i/m 2. I t  was frequen t every
where in  th e  spring of 1966 and  1967 except a t  th e  K eszthely-B ay (“M” ), 
i t  displayed a  uniform  d istribu tion  in  sum m er and  au tu m n  during all the  
th ree  years, although its  num ber was low.

Tobrilus gracilis B . was found in  th e  sam ples representing h ard ly  3 p er
cent o f all th e  nem atodes. I ts  num ber was negligibly in  sum m er, whereas 
during th e  cold season i t  reached 2 — 3000 i/m 2, an d  was even m ore frequen t 
in  sam ples collected from  under th e  ice. More individuals were collected in 
the  north -eastern  basin  (“A ” an d  “ E ” ) as well as in th e  K eszthely-B ay (“M” ) 
th an  in  th e  o ther regions of th e  lake.

The biomass and its changes

The biom ass is roughly proportional to  th e  num ber o f individuals present 
in  th e  samples. W hen calculating th e  biom ass, firs t th e  average weights of 
th e  species were determ ined according to  A ndrássy  (1956). The weight of 
th e  anim als (G) was calculated  w ith  th e  following equation

a2x b  
1 600 000 ’

G =
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F ig . 8. The m o n th ly  change in  th e  n u m b er o f  in d iv id u a ls  o f Iro n u s  tenuicaudatus  in  th e  five tra n sv e rs a l sections o f  L ake 
B a la to n  d u rin g  1966 —68. E ach  d a te  rep re sen ts  th e  av e rag e  o f  th re e  p o in ts  o f each sec tio n
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Fig. 9. T he  m o n th ly  change in  th e  n u m b e r o f in d iv id u a ls  o f  Theristus setosus (в.) f . in  th e  f iv e  tran sv e rsa l sec tio n s  o f 
L ake  B a la to n  d u rin g  1966 — 68. E ach  d a te  rep resen ts  th e  average  of th ree  p o in ts  o f  each sec tio n
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Fig. 10. T h e  m o n th ly  change in  th e  n u m b er o f  in d iv idua ls  o f  M onhystera paludicola  dM. in  th e  f iv e  tran sv e rsa l 
sections o f  L ak e  B a la to n  d u rin g  1966 — 68. E a c h  d a ta  rep resen ts  th e  average  o f  th re e  po in ts o f  e a c h  section
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where a is th e  largest d iam eter of th e  body and  Ъ is th e  length  o f th e  body, 
bo th  in microns, and  G is in fig units. The weihgt o f th e  m ost frequen t nem a
todes reached 1 fig only rarely :

Ironus tenuicaudatus 1.26 Pg
Paraplectonema pedunculatum 0.06 Pg
Paraphanolaimus behningi 0.08 Pg
Theristus setosus 0.10 Pg
Monhystera paludicola 0.07 Pg
Tobrilus gracilis 0.76 Pg
Aphanolaimus aquaticus 0.05 Pg
Ethmolaimus pratensis 0.09 Pg
Monhystera macramphis 0.08 pg
T ripyla  glomerans 0.91 pg
Dorylaimus stagnalis 2.49 Pg
Monhystera stagnalis 0.05 Pg

F our of th e  five m ost frequen t species do no t reach even 0.1 fig, only 
th e  w eight of Ironus is to  1.2 fig. The w eight of Dorylaimus stagnalis (2.5 fig) 
could increase th e  biom ass o f th e  lake to  a  significant ex ten t, however, i t  lives 
in  th e  open-w ater sedim ent in such a  sm all num ber th a t  it  effect is u n d e tec t
able.

T he fig values were m ultiplied b y  th e  num ber of individuals and  a t  each 
species were calculated for 1 m2 separated ly  (Fig. 13). Considering th e  whole 
lake, th e  biom ass of nem atodes varies betw een 4 and  20 mg/m2. This value is 
nearly  tw ice as high (16—20 mg/m2) in  spring th a n  in  sum m er th e  lowest 
value (4—6 mg/m2) usually was observed in  early  au tum n  th en  it  increased 
slowly.

T he biom ass o f nem atodes varied  in th e  K eszthely-B ay (“M” ) during 
1966 (first colum n o f Fig. 11). In  A ugust it  reached a  m axim um  of 13 mg/m2, 
th en  decreased to  2 mg/m2 during au tum n , representing th e  lowest value 
which had  ever been observed during th e  investigations. The tendencies in 
th e  change o f biom ass were identical even during 1967 and  1968. F rom  th e  
level o f 14—16 m g/m2 observed in spring, it  decreased by  th e  end o f sum m er 
to  5—8 mg/m2, increased again to  14—15 mg/m2 during early  au tu m n  and  
dropped again w ithin several m onths.

In  th e  Szigliget-Bay (“K ” ) (second colum n o f Fig. 11) th e  biom ass 
value was 20 mg/m2 during th e  whole sum m er o f 1966, it  decreased below 
6 mg/m2 only during au tu m n  th en  increased again. In  1967 and  1968 th e  
spring value was 8 — 10 mg/m2, it  decreased gradually  below 4 mg/m2 and  re 
m ained a t  4 —6 m g/m2 during th e  whole au tum n.

A t Balatonszem es (“G ” ) (th ird  column of Fig. 11) an  extrem e value 
o f 40 mg/m2 was observed in  M ay 1966 caused by  th e  m ass appearance of 
Monhystera paludicola and  Ironus tenuicaudatus. Such high values were no t 
ob ta ined  in  1967, although  a  high num ber of nem atodes was presen t in the  
early  spring sam ples. The changes o f biom ass values displayed a  sim ilar ten d 
ency during all th e  th ree  years. The spring value o f 21—40 m g/m2 decreased 
to  its h a lf or th ird  p arts  b y  th e  early  au tu m n  th en  increased again by  w inter.

Samples could be tak en  in every  periods o f th e  year from  th e  section 
“A ” betw een B alatonfiired  an d  Zam árdi. The changes in  th e  num ber of in 
dividuals and  th e  biom ass showed tw o m axim a during one year: the  firs t 
one in  to  F eb ru a ry  under th e  ice, th e  second one appeared  in  May. According 
to  th e  observations, th e  biom ass was nearly  one th ird  higher under th e  ice
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Fig. 11. T he m o n th ly  ch an g e  o f n em ato d a  b iom ass in  th e  five  tra n sv e rs a l sec tions o f L ak e  B a la to n  d u rin g  19(50 — 68.
E a c h  date  re p re sen ts  th e  average  o f  th ree  p o in ts  o f each  sec tion
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(24 m g/m2) th an  th e  value o f M ay (16 mg/m2), an d  ab o u t six-tim es higher 
th a n  th e  value o f la te  sum m er (4 mg/m2) (fourth colum ns o f Fig. 11 and  12).

T he analysis o f biom ass values was n o t so sim ple a t  B alatonalm ádi 
(“E ” ). In  1966 th e  general tendency  was sim ilar to  th a t  observed in  th e  o ther 
regions, nam ely, th e  higher biom ass value, 16 — 17 m g/m2, o f spring and  early  
sum m er reached a  m inim um  by  th e  early  au tu m n  (4—6 mg/m2). On th e  o ther

x Ю3i/m 2 mg/m2

A

Fig. 12. T he change in  th e  n u m b er (i/m 2) a n d  b iom ass o f  n em atodes a t  th e  p o in t “ A 0” 
a t  T ih an y  in  th e  sec tion  B ala to n iü red  — Z am árd i in  th e  average  o f  th re e  y ea rs

hand, in  1968 tw o m axim a were observed, one in Ju n e  (19 mg/m2) an d  an  other 
in  October (21 m g/m2), whereas in  th e  o ther m onths o f th e  year th e  biom ass 
was nearly  identical, ab o u t 12 mg/m2 (fifth  column of Fig. 11).

The yearly  change of th e  nem atode biom ass has been estim ated. The 
biom ass values o f m onths, species, sections were considered a t  th a t  estim ation 
in  th e  average of th ree  years. According to  th e  calculations, th e  biom ass of 
nem atodes am ounts to  13 m g/m2 a t  early  spring in  th e  w estern an d  9 mg/m2 
in  th e  eastern  basin  of th e  lake. In  th e  north -eastern  basin  and  east to  i t  up  to  
Balatonszem es (“ G” ), th e  biom ass increases to  16—20 mg/m2 during M ay and  
a fte r th a t  period there  is a g radual decrease over th e  whole area of th e  lake 
to  6 —8 mg/m2 u n til th e  end o f Septem ber, however, parallel w ith  th e  cooling 
down of tem peratu re , a reincrease can again be observed (Fig. 13).
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Fig. 13. T he change o f n e m a to d a  biom ass in  th e  five  sections o f L ake  B a la to n  in  th e
average  o f th ree  years

Discussion

Schiem er  (1969) reported  on th e  nem atoda fauna of L ake F ertő  (Neu
siedler See). T h a t lake is sim ilar to  L ake B alaton  in  so fa r as it  is shallow, 
w ith  a  fla tten ed  b o ttom  having a  sedim ent m ixed w ith  de tritu s an d  w ater 
of ab o u t p H  8. One p a r t  o f th e  species found th ere  occurred even in  L ake 
B alaton. The m ost frequen t ones are: Paraplectonema pedunculatum  (about 
70 percent), Tobrilus gracilis (about 15 percent) an d  Monhystera paludicola 
(about 5 percent). Sch iem er  disclosed a  re lation betw een th e  quality  o f sedi
m ent and  th e  d istribu tion  o f species, nam ely  th e  Paraplectonema pedunculatum  
did n o t prefer th e  detritic  m ud o f 5 — 10 cm thickness an d  neither d id  the  
roughly g ranu la ted  sand. The occurrence o f th is  species in  L ake B alaton  fu r
th e r supports th a t  observation. In  th e  K eszthely-B ay (“M” ) where th e  sedi
m ent particles o f less th a n  2 g size represen t 25—30 percent (Mü llek , 1969), 
m uch more Paraplectonema pedunculatum  occurred during sum m er th a n  in 
th e  Szigliget-Bay (“K ” ) where 40 percen t and  th a n  a t  th e  sandy  shore of south  
where 10—15 percent was th e  proportion  o f sedim ent particles of less th a n  
2 g  size. In  L ake F ertő  Schiem er  described to  be d irectly  proportional th e  
num ber o f individuals o f Tobrilus gracilis an d  Monhystera paludicola to  th e  
thickness o f m ud. This could no t be observed in L ake B alaton. In  th e  soft m ud of
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L ake F ertő  10s 106 i/m2 nem atodes occurred, whereas in th e  places having
a  more com pact bo ttom , only ten  tim es less nem atodes were found. The open- 
w ater sedim ent o f Lake B alaton  resembles th e  com pact sedim ent of Lake 
F ertő . A t such places in L ake B alaton  th e  num ber of nem atodes was 10— 
20 000 i/m 2.

Investigating  the  ben th ic  crustacean fauna o f L ake B alaton , P o n y i  
(1966; 1969) established th a t  th e ir num ber was th e  highest a t  early  sum m er 
(June), th e  lowest a t  la te  sum m er (August), however, b y  early  w in ter (Novem 
ber) th e  Crustacea p ropagated  again reaching alm ost th e  values of early  sum 
m er. According to  our investigations, th e  yearly  change of nem atodes follows 
also th a t  rh y th m , however, th e  spring m axim um  is earlier, a lready  in  May, 
th e  m inim um  is in  A ugust, nevertheless, from  th e  early  au tum n  till th e  thaw ing 
of ice, there  is an  increase in  num ber. T he d istribu tion  of sm all crabs, th e  
Chironom idae and  nem atodes is d ifferent in L ake B alaton . The larvae of 
Chironom idae were found in  largest masses in th e  centre o f th e  lake (“ G” ) 
in M ay 1965, an d  in sm allest am ounts in  th e  K eszthely-B ay (“M” ) and  th e  
no rth -eastern  basin  (“A ” an d  “ E ” ) ( E n t z , 1965), whereas th e  d istribu tion  
of C rustacea was ju s t reversed ( P o n y i , 1969). According to  th e  presen t results, 
th e  highest num ber of nem atodes was in th e  central p a r t  of th e  lake (“G ” ) 
during 1966 — 68 and  th e  lowest in  th e  K eszthely-B ay (“M” ) (Table I I I ) .

T A B L E  I I I

The amount and distribution of “microcrustacea” ,  larvae of Chironomus 
plumosus  М е ю . as well as nematodes living in  the sediment of Lake Balaton

Keszthely
“M”

Szigliget B. Szemes Tihany
“A”

Fűzfő
“ K” “G” “E”

i/m2

“M icrocrustacea”
( P o n y i , 1969) 

L arvae of Chironomus
14 800 4 300 11 800 14 800 15 800

plumosus (E n t z , 
1965) 24 148 356 5 5

N em atoda 1966—68
average 23 000 31 000 44 000 28 000 28 000

I t  becam e clear on th e  basis of investigations o f th e  ben th ic  anim als 
th a t  th e  open-w ater sedim ent o f a g reat ex ten t, i.e. L ake B alaton  can be d i
v ided  in to  th ree  large p arts :

1. N orth-eastern  basin (“A ” and  “ E ” ).
2. K eszthely-B ay (“M” ).
3. T ransitional regions betw een th e  form er tw o (“K ” and  “ G” ).
T he Szigliget-Bay is m ainly of ou tstand ing  character, however, often 

resem bles th e  K eszthely-B ay. In  the  central p a r t  o f L ake B alaton , in th e  region 
o f section “ G” predom inate th e  properties o f th e  north -eastern  basin, never
theless often  some altered  characteristics are realized.
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Summ ary

In  th e  open-w ater sedim ent of L ake B alaton  th e  following nem atodes 
predom inated during 1966 — 68: Paraplectonema pedunculatum  S. (20 percent), 
Paraphanolaimus behningi M. (20 percent), Ironus tenuicaudatus dM. (19 p er
cent), Theristus setosus (В.) M. (17 percent), Monhystera paludicola dM. 15 
percent), Their occurrence varies by  seasons: during w inter (between 4 and  
12 °C) T. setosus and  M . paludicola are th e  m ost frequen t species, while during 
sum m er th ey  are absent a t  some places. A ra re  species, Paraphanolaimus 
anisitsi (D.) A NDRÁSSY 1968 was also observed in th e  sedim ent of th e  lake.

The highest num ber of nem atodes was found in spring (May), 60—80 000 
i/m2, there was a gradual decrease during sum m er 10 — 20 000 i/m2, then  from  
the  middle of au tu m n  (October) th ere  was an  increase again. D uring w inter 
100 000 i/m2 nem atodes were observed under th e  ice a t  T ihany  (“A 0” ).

The regional d istribu tion  of nem atodes was also variable: th e  highest 
num ber was a t  B alatonszem es (“G ” ) averaging 44 000 i/m2, th e  lowest one 
in th e  Keszth&ly-Bay (“M” ) averaging 23 000 i/m 2.

The biom ass of nem atodes varied  betw een 4 — 20 mg/m2. G enerally this 
value is nearly  tw ice as high in spring th an  in sum m er, i t  is th e  lowest usually  
in early  au tum n  (4—6 mg/m2) and  th en  slowly increases. The highest value 
of biom ass was found a t  Balatonszem es (“G ” ).

On th e  basis of th e  benth ic fauna, th e  Lake B alaton  can be divided into 
th ree regions: th e  north -eastern  basin (“A ” and  “ E ” ), th e  K eszthely-B ay 
(“M” ) an d  th e  central p a r t of the  lake (“K ” and  “ G ” ).

A ckn ow ledgm en ts: A u th o r  e x p re sse s  h is  th a n k s  t o  P ro f . D r. I .  A n d r á s s y , E ö tv ö s  
L o rá n d  U n iv e r s i ty ,  B u d a p e s t  fo r  h is  k in d  h e lp , in  id e n tif ic a t io n  o f  n e m a to d e s , a s  w ell 
a s  t o  th e  le a d e rs  in  th e  id e n tif ic a t io n  o f  n e m a to d e s , a s  w e ll a s  to  th e  le a d e rs  th e i r  a id  
in  th e  p e rfo rm a n c e  o f  th e  w o rk .
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A  B A L A TO N  N EM A T Ó D Á I.
IV . A  F A U N A  É V SZ A K O S V ÁLTO ZÁ SA

B iró  K á lm á n  

ö s s z e fo g la lá s

A  B a la to n  n y íltv íz i ü ledékében  1966 — 68-ban a  Paraplectonem a pedunculatum , 
P araphanolaim us behningi, Iro n u s  tenuicaudatus, T heristus setosus és M onhystera  pa lud i-  
cola a  leggyakoribb  fonálféreg  (2 . táblázat). É v szak o n k én t az egyes fa jo k  m ennyisége 
v á ltoz ik : té len  ( + 4  és + 1 2  C° v ízhőm órsék let közö tt) és a  jég  a la t t  T heristus setosus 
és M onhystera  paludicola  a  leggyakoribb , de ezek  n y á ro n  h iá n y o z h a tn a k  is.

A  fonálférgek  m ennyisége a  tó  kü lönböző te rü le te in  változó  (5 . ábra). A  leg több  
tav a ssz a l (m ájus) 60 — 80 000 i/m 2, a  n y á r  fo ly am án  fokozatos csökkenés k ö v e tk ez e tt 
(10—20 000 i/m 2), m a jd  az ősz közepétő l (ok tóber) ism ét szám beli növekedés v o lt (20 — 
30 000 i/m 2). T élen  a  jég  a la t t  T ih an y n á l („A 0” ) 100 000 i/m 2 m enny isége t észleltem . L eg
tö b b  fonálféreg  B .-szem esnél („G ” ), á tla g  44 000 i/m 2, legkevesebb a  K esz the ly i öbölben 
(,,M ” ), á tla g  23 000 i/m 2 vo lt.

H á ro m  éven  k eresz tü l a  tó  kü lönböző te rü le te in  m egfigyeltem  a  leggyakoribb  
fa jo k  egyedszám  v á lto z á sá t (6 ., 7., 8-, 9., 10. ábrák).

A  fonálféreg  b iom assza  4 — 20 m g/m 2 k ö z ö tt v á lto z o tt. T avassza l közel ké tszer 
a k k o ra  (16 — 20 m g/m 2) ez az  é rték , m in t n y á ro n , ősz e lején  v o lt a  legkisebb (4 —6 m g/m 2) 
és e z u tá n  lassú  em elkedést ta p a s z ta l ta m  (11 . ábra). A  leg több  b iom asszá t B .-szem esnél 
(,,G ” ) m értem .

T ih an y  e lő tt („A 0” ) feb ru á rb an  a  jég  a la t t  a  b iom assza  (és egyedszám ) csaknem  
kétszerese a  tav a sz i (m ájus) é rték n ek  és h a tszo ro sa  a  n y á ri (szeptem ber) m in im u m n ak  
(12 . ábra.)

A  K esz th e ly i („M ” ) és a  Szigligeti öbölben  ( „ К ” ) a  k o ra tav asz i (április) b iom assza 
m ax im u m tó l fokozatos csökkenés figyelhető  m eg az ősz végéig (ok tóber) 12 m g/m 2-ről 
6 m g/m 2-re, add ig  B .-szem estő l Fűzfő ig  („G ” , ,,A ” , , ,E ” ) áp rilisi a lacsony  b iom assza 
m á ju sb a n  m a jd n em  m egdup lázód ik , és csak  ez u tá n  kö v e tk ez ik  a  b iom assza  fokozatos 
csökkenése az őszvégi m in im u m ra  és a  víz leh ű ltév e l m in d e n ü tt fokozatosan  em elkedik  
(13 . ábra.)

Az ü led ék fau n a  a la p já n  a  B a la to n  3 te rü le tre  tag o lh a tó : É K -i m edence („ A ” 
és „ E ” ), K esz the ly i öböl („M ” ) és a  tó  középső része („ K ” és „ G ” ).
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